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EXAMINATION OF
IRRADIATED Ag-In-Cd ALLOYS

by

C. F. Reinke

ABSTRACT

Extruded cast and extruded powder specimens of Ag-
15w/oIn-5w/oCd alloy, plated with 25 u of nickel or 25 p
each of copper plus nickel, were irradiated for 47 effective
full-power days at approximately 300°C in a lattice position
of the Engineering Test Reactor. The extruded cast alloys
exhibited 0.2% yield strengths, ranging from 114 to 140 kg/
cm?in the unirradiated condition, and 96 to 150 kg/cmz after
irradiation. The percent elongation and reduction in area
in both cases normally ranged from 50 to 60%. The 0.2%
yield strength for the extruded powder alloys ranged from
190 to 228 kg/cm2 in the unirradiated condition, and 214 to
242 kg/cmz after irradiation. There was a noticeable im-
provement in both the percent elongation and reduction in
area of the extruded powder specimens, the postirradiation
values being approximately twice the unirradiated values
of 10%.

Recrystallization and grain growth occurred in all
specimens during irradiation. The ASTM grain size on the
extruded cast specimens changed from 7 to 4-5.5. Hard-
ness measurements of the extruded cast specimens indi-
cated that softening had occurred. Unirradiated material
had DPH values ranging from 55 to 76, with corresponding
values after irradiation of 36 to 52.

Metallographic examinations indicated that the mi-
crostructures had remained a single phase during irradiation.

INTRODUCTION

At present, the only elements that have been used extensively as the
absorber material in power-reactor control rods are boron and hafnium.
Neither material is ideal, but for different reasons. The main disadvantage
of boron is the B"’(n, a)Li’ reaction, which introduces two new atoms into the
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lattice. Each atom is larger, and its properties differ from those of the
parent boron atom and the matrix in which the boron is usually incorpo-
rated. For high-flux, long-life cores, radiation damage can be expected
to be significant, and thus the suitability of boron and boron-containing
materials is questionable. The use of hafnium produces a rod possessing
desirable properties and long life. However, the drawback to the use of
hafnium is that it is not readily available and is expensive. Considerable
time and effort have been devoted to the development of low-cost, readily-
available materials that would combine long-time reactivity worth, good
mechanical strength and ductility, irradiation stability, and corrosion re-
sistance. One such potential material which has received attention is the
ternary alloy of Ag-15w/oln- 5w/0Cd.(1,2) This report presents informa-
tion on the stability and change in mechanical and physical properties of
nickel and copper-plus-nickel plated specimens of the alloy after an irra-
diation of 47 effective full-power days at approximately 300°C in a lattice
position of the Engineering Test Reactor. Specimen fabrication and irra-
diation were conducted by the WAPD Division of Westinghouse Electric
Corporation. The postirradiation examination and evaluation were con-
ducted at the Lemont site of Argonne National Laboratory.

FABRICATION

The fabrication procedures discussed in some detail in reference 1
are believed to be representative of those used to produce the test speci-
mens. The basic steps, obtained from the reference, are outlined below for
both the extruded cast and extruded powder alloys used in the irradiation
studies. The data are tabulated in Table L

Table I
SPECIMEN DATA
Specimen Preparation of Type of Vacuum Anneal
Series Fabrication History Surface for Plating Plating@ after Plating
CR-6-A Induction-melted, cast, Cleaned Ni 1 hr at 550°C
and extruded at 600°C.
CR-6-B Induction-melted, cast, Etched Ni 1 hr at 550°C
and extruded at 600°C.
CR-6-C&D Induction-melted, cast, Etched Cu and Ni 1 hr at 550°C
and extruded at 600°C.
PCR-4-E Induction-melted, atom- Etched Ni 2 hr at 600°C
ized, hot-compacted, and
extruded at 700°C.
PCR-4-H Induction-melted, atom- Etched Cu and Ni 2 hr at 600°C
ized, hot-compacted, and
extruded at 700°C.

(@Nickel plate was 25 u thick. Copper plus nickel plate were each 25 u thick.
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Extruded Cast Specimens

The alloys were prepared by induction melting in graphite crucibles
under a protective covering of calcined coke. The ingots were bottom-poured
directly from the melting crucibles into graphite molds. Just before extru-
sion, the ingots were homogenized for 4 hr at 600°C. The test specimens
were cut from full-size, extruded, control rods and machined to final dimen-
sions. The machined specimens were then chemically etched and plated with
either 25 y of nickel, or 25 p each of copper plus nickel. After plating, the
specimens were given a 1-hr vacuum anneal at 550°C. The purpose of the
anneal was to recrystallize the nickel deposit, provide metallurgical bonding
between the plate and the base alloy, and enhance the ductility of the nickel
plate.

Extruded Powder Specimens

Material of the desired chemical composition was prepared by melt-
ing in a graphite crucible under a protective covering of calcined coke. The
melt was converted to powder by atomizing the molten alloy in a high-velocity
water spray. Each powder particle thus produced had a very thin and contin-
uous oxide film on its surface. The powder was hot-compacted in graphite
molds at 600°C and extruded at 700°C to nearly 100% of theoretical density.
The test specimens were cut from full-size control rods and machined to
final dimensions. The machined specimens were then chemically etched and
plated with either 25 u of nickel, or 25 u each of copper plus nickel. After
plating, the specimens were given a 2-hr anneal at 600°C. The purpose of the
anneal was the same as in the case of the extruded cast specimens. The very
fine and uniformly-distributed dispersion of the oxide particles improved the
mechanical strength of the alloy.

IRRADIATION

Five capsules were irradiated, each containing two tensile and eight
metallographic specimens. The test specimens were placed between two
slotted halves of a carbon-steel spacer, which was then fastened at each end
with screws. Figure 1 is a pictorial drawing of the specimens and the cap-
sule components. The assembled carbon-steel spacer containing the speci-
mens was forced into an aluminum capsule having an interference fit, after
which the capsule was welded shut in air. The soundness of the final closure
weld was determined by externally pressurizing each capsule to 17.5 kg/cmz
with helium and then immersing it in alcohol to check for leaks. As a final
check, the capsules were corrosion-tested for 3{- days at 170°C.

The capsules were irradiated in the F-8 lattice position of the Engi-
neering Test Reactor in Idaho from October 5, 1958 to December 29, 1958,
for a total of 47 effective full-power days. (The Engineering Test Reactor
operates at a power level of 175 MW.) Since the irradiation capsules were
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TEMPERATURE MONITOR TUBES
CONTAINING Sn OR Bi POWDER

“—ALUMINUM CAPSULE

CARBON STEEL SPACERS

Ag-Cd-In
SPECIMENS

ALUMINUM

O €

106-7800

Figure 1. Pictorial Drawing of Specimens and Capsule Components
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not instrumented with thermocouples, temperature monitors were included.
The monitors consisted of metal powders with known melting points. Un-
fortunately, these monitors were not recovered during the postirradiation
capsule disassembly operation. However, temperature calculations based
on estimated capsule heat outputs indicated specimen temperatures of ap-
proximately 300°C. For the Ag-15In-5Cd alloy, recrystallization and grain
growth occur at temperatures above 200°C. Since recrystallization and
grain growth occurred in the specimens during irradiation, the irradiation
temperatures must have been above 200°C. Table II lists the specimens,
together with an estimate of the integrated, unperturbed, thermal neutron
flux and changes in composition as determined by chemical analysis.

Table I
SPECIMEN IRRADIATION HISTORY

Composition, wfo

Specimen Estimated Specimen Integrated, Unperturbed,
Capsule No. | “Soriec | irradiation Temp, °C | Thermal Neutron Flux) s s

A In G Ag In (v} Sn

WAPD 44-1 | PCR-4-E 300 1.2x 1021 8023 | 1511 | 466 | 79.3 | 1456 | 566 | 055

WAPD 44-2 | PCR-4-H 300 1.5x 1021 8075 | 1516 | 4.09 | 7836 | 1472 | 648 | 0.M

WAPD 44-3 | CR-6-B 300 1.7 x 1021 8047 | 1486 | 467 | 7836 | 1336 | 679 | 149

WAPD #4-4 | CR-6-C 300 1.6 x 1021 8008 | 1482 | 510 | 7865 | 1425 | 653 | 057
CR-6-D

WAPD-84-5 | CR-6-A 30 1.0x 10! 8065 | 1472 | 463 [ ® J o | ® | o

(@)Based on ETR-advertised flux for the position.
(bThe analyses contained an unknown source of error.

RESULTS AND DISCUSSION

Capsule Disassembly and Visual Examination

Each aluminum capsule was removed by making two cuts, 180° apart,
along its entire length. The carbon-steel spacer was separated into its two
halves by milling through the heads of the brass screws and temperature
monitors. It was apparent that the capsule had placed considerable restraint
upon the specimens. In most cases, there was an interaction between the
nickel plate on the Ag-In-Cd specimens and the carbon-steel spacer. This
interaction resulted in the partial removal of the nickel plate from the sam-
ples. The outline of the specimen geometry on the spacer is evident in
Figure 2. Figure 3, which is typical of the specimens after irradiation, in-
dicates the general condition of the specimen surfaces. Partial removal of
the nickel plate is evident in the figure.

Figure 2

Carbon-Steel Spacer Showing
Outline of Ag-In-Cd Specimens

26776 1.25X






Figure 3

Ag-In-Cd Specimen after Irradiation.
Note partial removal of nickel plating.

26778 10X

Dimensional Measurements

Tables III and IV compare the pre- and postirradiation dimensions
of the specimens from capsules WAPD-44-3 and WAPD-44-5. Figure 4
shows the locations at which the measurements were made. Since the
precision of the measurements was 25 [, the data indicate that no mea-
surable change had occurred in the samples. This was not surprising, as
the carbon-steel spacer and aluminum capsule placed considerable re-
straint upon the specimens. Because of this restraint, the significance of
the dimensional data was questionable. Since this would also be true of the
dimensional data from the other capsules, no further dimensional measure-
ments were made.

Table IIT
PRE- AND POSTIRRADIATION DIMENSIONS ON METALLOGRAPHIC SPECIMENS

Dimensions, cm @
Capsule Series Sample No. A B c

Pre Post A Pre Post A Pre Post A

WAPD #4-3 CR-6-B B-1 0175 0m - 0.576 0574 - 0.653 0.655 -
B-2 0.775 0.775 - 0.574 0.576 - 0.650 0.653 -

B-3 0.775 0.775 - 0.579 0.576 - 0.653 0.653 -

B-4 0.772 0.772 - 0.576 0.574 - 0.653 0.650 -

B-7 0.772 0772 - 0.576 0.574 - 0.653 0.653 -

B-8 0.772 0.770 - 0.574 0.572 - 0.650 0.648 -

B-9 0.775 0.775 - 0.576 0.574 - 0.653 0.650 -

B-10 0.772 0772 - 0.576 0.576 v 0.650 0.650 -

WAPD 44-5 CR-6-A A-l 0.762 0.764 - 0.576 0.576 - 0.645 0.645 -
A-2 0.762 0.764 - 0.579 0.576 - 0.650 0.648 -

A-3 0.759 0.759 - 0.5712 0.5712 - 0.640 0.638 -

A-4 0.762 0.762 - 0.582 0.576 -0.006 0.645 0.645 -

A-T 0.757 0.759 - 0.576 0.576 - 0.645 0.645 -

A-8 0.754 0.752 - 0.566 0.566 - 0.638 0.635 -

A-9 0.757 0.759 - 0.579 0.579 - 0.648 0.648 3

A-10 0.757 0.757 - 0.569 05712 - 0.638 0.638 -

(@)see Figure 4 for dimensional code used for reporting sample measurements. The preirradiation measurements were taken with a ball
micrometer and are accurate to +0.0013 cm.

The postirradiation measurements were taken with a ball micrometer and are accurate to £0.003 cm.
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Table IV
PRE- AND POSTIRRADIATION DIMENS IONS ON TENS ILE SPECIMENS
Dimensions, cm@!
Capsule No. Series Sample No. Location
c D E H I J
WAPD 44-3 CR-6-B B-5 Pre 0478 0.478 0.478 0.569 0.569 0.566
Post 0478 0.475 0475 0.569 0.569 0.569
3 = 5 = . = b
B-6 Pre 0.480 0478 0.478 0.569 0.569 0.569
Post 0478 0.475 0.475 0.566 0.566 0.566
A " 5 g 4 > %
WAPD 44-5 CR-6-A A5 Pre 0.467 0.462 0.465 0.561 0.561 0.561
Post 0.465 0.460 0.465 0.5% 0559 0.559
A 5 2 = . o .
A-6 Pre 0.460 0.460 0.462 0.55% 0.55 0.554
Post 0.457 0.460 0.462 0.5 0.5 0.55
A A - & = 5 3

(a)see Figure 4 for dimensional code used for reporting sample measurements. The preirradiation measurements were taken with a ball micrometer and are accurate fo £0.0013 cm.

The postirradiation measurements were taken with a ball micrometer and are accurate to 0,003 cm.

106-7799

TENSILE SPECIMEN

METALLOGRAPHIC SPECIMENS

Figure 4. Dimensional Code Used
for Reporting Specimen

condition, an

Measurements

Tensile Tests

The results of the pre- and
postirradiation tensile tests are
tabulated in Table V. Since it was
known that the mechanical prop-
erties of the extruded, coarse-grained
specimens varied with the strain rate,
all tensile tests were made at a con-
stant strain rate of 0.127 cm/min.

The 0.2% yield and ultimate tensile
strength of both the extruded cast and
extruded powder alloys did not change
appreciably under the conditions of the
irradiation. The extruded cast speci-
mens exhibited 0.2% yield strengths
and ultimate tensile strengths of 114 to
140 kg/cmz and 271 to 324 kg/cmz, re-
spectively, in the unirradiated condi-
tion with corresponding values after
irradiation of 96 to 150 kg/cmz and

283 to 302 kg/cm?. The percent elong-
ation and reduction in area in both cases
normally ranged from about 50 to 60%.
The 0.2% yield strength of the extruded
powder specimens was higher than the
extruded cast alloys and ranged from
190 to 228 kg/cm? in the unirradiated

d from 214 to 242 kg/cmZ after irradiation. The ultimate tensile

strengths of the extruded cast and extruded powder specimens were com-

parable in both the un
strengths of the extru

irradiated and irradiated condition. Ultimate tensile
ded powder specimens ranged from 273 to 337 kg/(:mz
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before irradiation, and from 292 to 325 ]1<g/cm2 after irradiation. There was
a noticeable improvement in the percent elongation and reduction in area of
the extruded powder specimens, the postirradiation values being approxi-
mately twice the unirradiated values of 10%.

Table ¥
ROOM-TEMPERATURE TENS ILE PROPERTIES OF IRRADIATED Ag-15w/oln-5w/oCd ALLOY SPECIMENS
Integrated, . ) -
0.2% Yield'@ Uttimate(a)
Fabrication Unperturbed, Irradiated - Elongation, | Reduction
Designation History Thermal Temp, °C S:rg;nz'tzh 1'"":1/5"5”91"' * in Area, %
Neutron Flux - -
CR-6-A(A-5) Extruded cast Unirradiated - 137 b3 I ]
CR-6-B(B-5) alloy, annealed Unirradiated B 120 m % 51
CR-6-D(D-5) 1 hr at 550°C Unirradiated - 114 300 55 5%
CR-6-DI(D-6) Unirradiated - 140 324 5% 50
CR-6-A(A-5) 1.0x 1021 300 14 288 62 53
CR-6-A(A-6) 1.0 x 1021 300 121 2% 58 %
CR-6-BIB-5) 17x 102! 300 % 289 66 57
CR-6-B(B-6) 1.7 x 1021 300 131 01 58 51
CR-6-C(C-5) 1.6 x 1021 300 150 29 62 54
CR-6-DI(D-6) 1.6 x 1021 300 122 302 9 54
PCR-4-E(A-5) Extrudedpowder |  Unirradiated - 19 m 1 9
PCR-4-H(D-6) alloy, annealed Unirradiated - 8 337 B3 9
2 hr at 600°C

PCR-4-E(E-5) 1.2x 1021 300 24 318 It u
PCR-4-E(E-6) 1.2x 1021 300 %2 35 19 0
PCR-4-H(H-5) 1.5 1021 300 25 2 3 2
PCR-4-H(H-6) 1.5x 1021 300 26 307 2 "

(a)The specimens were tested at a strain rate of 0.127 cm/cm-min.

One normally expects to observe a marked increase in both yield
and tensile strengths, with a corresponding decrease in the percent elonga-
tion and reduction in area with increasing neutron exposure over a wide
range of neutron exposures. This general trend did not hold for these speci-
mens. The deviation from this general trend was thought to be due to re-
crystallization during irradiation, thus annealing-out any induced hardening,
and in some cases even softening the alloy below the unirradiated condition.
In the case of the extruded cast alloys, this was substantiated by the general
decrease in hardness and increase in grain size of the irradiated specimens.
For the extruded powder alloys, the hardness values did not change appre-
ciably. However, the irradiated microstructures indicated recrystallization
had occurred, resulting in at least a partial loss of the oriented as-fabricated

structure.

The nickel plating on the tensile specimens cracked during testing.
It was most pronounced on the extruded cast specimens. As shown in
Figure 5, the plating not only cracked but also separated from the base alloy
at the edges of the specimen. Figure 6 is typical of the extruded powder
specimens. The nickel plate exhibited considerably less cracking and sep-
aration from the base alloy. No difference in behavior was noted between
the plating on the irradiated and unirradiated specimens. The difference in
behavior between the plating on the extruded cast and extruded powder alloys
was believed to be due to the greater percent elongation and reduction inarea
exhibited by the extruded cast specimens.

11
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Figure 5

Separation of Nickel
Plating from Base Alloy
on Extruded Cast Ten-
sile Specimen

EI-2476 3X

Figure 6

Cracks in Nickel Plating
on Extruded Powder Ten-
sile Specimen

EI-797 3X

Grain Size and Hardness Measurements

Grain-size determinations and hardness measurements were made
on both unirradiated and irradiated specimens. The results are tabulated
in Table VI. Recrystallization and grain growth occurred on the extruded

Table VI
DPH HARDNESS AND GRAIN SIZE OF Ag- 15w/oIn-5w/0Cd ALLOY SPECIMENS

Values(2)
Designation I;_radxatioocn il G S (a)
Seebe Range Average Value i Sl
SRS
Extruded cast alloys Unirradiated 55 to 78 66 B(b) 7
CR-6A, B, C, &D
Extruded cast alloys 300 36 to 55 46 £ glc) 4to 5.5
CR-6A, B, C, &D
Extruded powder Unirradiated 87 to 95 90 % 2(e)
alloys PCR-4-E & H
Extruded powder 300 81 to 100 92 + 6(f)
alloys PCR-4-E & H J

(a)A 1-kg load was applied.

(b)A total of 30 measurements were made.

(c)A total of 9 measurements were made.

(d)As determined by ASTM designation E112.63, 1963 Revision.
(e)A total of 18 measurements were made.

f)A total of 12 measurements were made.






13

cast specimens during irradiation. The ASTM grain size of the unirradi-
ated, extruded cast specimens was 7.0. Corresponding postirradiation val-
ues ranged from 4 to 5.5.

The DPH values on the unirradiated, extruded cast alloys ranged
from 55 to 78, with an average value of 66 and a standard deviation of
+8 DPH units. After irradiation, the values ranged from 36 to 55, with an
average value of 46 and a standard deviation of +8 DPH units.

Table VII lists the results of a Knoop hardness survey conducted on
specimens of the extruded cast alloy. In general, the measurements indi-
cate that areas near the specimen surface were slightly harder than inte-
rior areas. One specimen exhibited an area, 0.1 cm in from the surface of
the alloy, that was significantly harder than the surrounding areas. The
reason for this localized area of increased hardness is not known.

Table VII

KNOOP HARDNESS SURVEY OF
IRRADIATED Ag-15w/oIn-5w/0Cd ALLOYS

e s Knoop Hardness(a)
: . : Irradiation
Specimen Designation Te o
2y Location, cm(b) Values
Extruded cast 300 Surface 13,1
alloy CR-6A 0.025
0.050 10.5
0.075 10.6
0.100 10.5
Extruded cast 300 Surface 11.4
alloy CR-6B 0.025 10.2
0.050 8.8
0.075 8.9
0.100 10.5. 15.2; 13.3
D125 8.7

(a)A 200-g load was applied.

(b)Measurements were made at the surface of each core alloy, and then
at 0.025-cm intervals towards the specimen center.

For the extruded powder alloys, the hardness values did not change
appreciably with irradiation. The DPH values on the unirradiated, extruded
powder alloys ranged from 87 to 95, with an average value of 90 and a stan-
dard deviation of +2 DPH units. After irradiation, the values ranged from 81
to 100, with an average value of 92 and a standard deviation of +6 DPH units.
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The irradiated microstructures of the extruded powder alloys indi-
cated recrystallization had occurred during irradiation, resulting in at least
a partial loss of the oriented as-fabricated structure.

Metallographic Examination

The absorption of neutrons by the isotopes of the Ag-In-Cd alloy
leads to nuclear transformations. The majority of the transformed silver
goes to cadmium, the indium to tin, and the cadmium to another isotope of
cadmium. There is a limit to the amount of tin that can be dissolved in the
alloy. It is anticipated that after extended operation at high power levels,
the limit of solubility of tin will be reached and any further production of
tin will result in its rejection from solid solution and the formation of a
second-phase precipitate. This precipitate may be especially prevelant in
the more highly burned-out surface layers of the specimens. The pre- and
postirradiation microstructures are compared in Figure 7. The micro-
structures indicated that the alloys had remained single-phase during irra-
diation. There was no second phase present, even in the specimen that
analyzed 1.5% tin after irradiation.

The metallographic specimens were mounted in Bakelite and ground
to a 600 grit finish using silicon carbide papers. The specimens were pre-
pared by alternately polishing with Linde A compound on microcloth and
swab-etching with a solution composed of one part stock solution and nine
parts water. The stock solution contained K,Cr,0,, NaCl, and H;SO, in the
ratio of 50/1/5, respectively. The specimens were swab-etched just before
examination.

Burnup Analysis

One specimen from each capsule was chemically analyzed for the
quantity of silver, indium, and cadmium present. The amount of tin was
obtained by difference, noting that the atom fraction of indium before irra-
diation is equal to the sum of the atom fractions of indium and tin after
irradiation. The results of these analyses, when compared with the unirra-
diated compositions, indicate the elemental burnout during irradiation.
Table II lists the pre- and postirradiation compositions.

The specimens were prepared for analysis by dissolving them in
nitric acid, and by diluting and cooling the solution. The solution was ti-
trated with standard ammonium thiocyanate solution to determine the amount
of silver present. The silver thiocyanate precipitate was washed and filtered,
and the filtrate was analyzed for indium and cadmium. The cadmium was an-
alyzed colorimetrically, and the indium by spectrochemical methods.



i w “pl-gA sril Yo Bsqotasis i ¢ BagTInaN 'io S
i s6d el bo viinoism pqY . wroiisaIClEnsyy
ena'ol tiuimbss s BaE oi7 ol mwibal sdf .0
ruib mg ano tads i) be wauoons sii el Haril e Bt nm
D stvaipa deid (- aocisiano Baligsica Toiie 1uil bstagistins ﬂ‘
w':q Yo yos Bk Sedaaey od Tow .t to i@rlidolan o
hmmgo} Gl B ot hiea bliow ek esEogipradl Sl TlUeeY
gualavesg vilssoqes dl e VERIIGE 9 aidT ofstlgiveyy sssde-D
B3 oadT enacossige Sl o R ieval sosizas dva~bartyd Hipid evem
ematan sl tienligid wi baTiAiieD e wenul I UROENiN GOlI8IbAR
Spieal. geivub sasad algnra bamteinss hid aveils wd tads BeteuThai 8t i
Wals e tegE it MG TYe. JRERN 5 yaea of Gow agadl
safie aif e Lhs

%”5 Bae wrileiliin o Budagoin sraw soapvdoegs aidgn rpolindame Gl

*"l’lr.maw Sasmbage il Eedgeg ahidias mosils gpeien deibll fixa 009 s Wi
Boie Siols ol de hanogiies A el diiw peideiion iWtestaiicand B

bas qoilulc s 5oy Ywrg 4va Basgimp aotiioe g dtibe
: BIROZN Bl 0 Ol Beniativo » agtiles ST 0
SRS fept badots-dewe s1ow disndosgs o7 ylsviionges? AL UEES

ncnsnh&

- » DCian :
padf Yol h?&'{(.{, g8 i anirade e ludgro d 3 0o agR a0
SRt e thnbin =AY  Sdsessg emdmbas bhas swibed Sl N0 ek
i @Eel srolnd de 31 # s 30 s an s Aprsei it vd b
(o TeNENY hae spibod o eooi? s Bl owips wely 95 Jsbipe -t
.'-!‘ﬂ&aa A Ay Be vy rady  asgyians et Yo EHness sl BclISIDE
~< ORI R B TR Sl 3G LT ) w2 et 00T ReGiio s hals
La: ST PO a8 B E Ly < rilp by B eiaing setiatesl B

ot anans gevipssih v slnelane 1o} bessgend 96 - Aneibegs sl .

it Baw HOLG it et guilony Dk otivith v R Sk
SEpens st sniarsian Al eblivide srindinno 2 v i voidsns by sbnata dﬁ?

Mm b bedasiy Yoo wdahipios e A it stovlite wdT AR f

L RSl W et bR oY rotdl e Gt ek sal Baaylene asw a8

- abadsern tesrariion TR s D ads bus .1 . yta

ST A




15

Specimen
Designntinn

Unirradiated

EI-1485

Composition, w/o
80.‘23Ag-15.111n—4.66Cd

Irradiated

EI-1519

¥I-
1-1510 EI-1523 EI-1528

78.36Ag-13.361ﬂ-6.(9€d-1 498n 1 -14 = = = 5 Ag-14.72In-
. 8.65Ag~-14.25In 6.53Cd-0.57Sn 19.23Ag 14.56In-5.66Cd-0.555n 36
4 .12In-6.48Cd-0.44
. .44Sn

Composition, w/o Not obtained-- : 11

Flgur . 16 ol ion LCT tructures on = w/oln-5w/0 ()YS_ A photos are brlgh‘ f)eld t 2 ()
e 7 @ ison Of T -aall ostir ad atio M os
X.


http://36Ag-14.72In-6.48Cd-0.44Sn




CONCLUSIONS

There was very little change in the 0.2% yield and ultimate tensile
strength of extruded cast and extruded powder Ag-1 5w/oln-5w/oCd
alloy specimens irradiated to integrated, unperturbed, thermal neu-
tron fluxes of between 1.0 and 1.7 x 10?! nvt at 300°C.

The extruded cast alloys exhibited 0.2% yield strengths ranging from
114 to 140 kg/cmz in the unirradiated condition, and from 96 to 150 kg/
cm? after irradiation. The percent elongation and reduction in area in
both cases normally ranged from 50 to 60%.

The extruded powder alloys exhibited 0.2% yield strengths ranging from
190 to 228 kg/cm? in the unirradiated condition, and from 214 to 242 kg/
cm? after irradiation. There was a noticeable improvement in both the
percent elongation and reduction in area with irradiation, the postirra-
diation values being approximately twice the unirradiated values of 10%.

Recrystallization and grain growth occurred in all specimens during
irradiation.

The ASTM grain size on the extruded cast specimens changed from 7 to
4-5.5,

The extruded cast specimens softened during irradiation. Unirradiated
material had DPH values ranging from 55 to 78, with corresponding
values after irradiation of 36 to 55.

There was little overall change in the hardness of the extruded powder
alloys. Unirradiated material had DPH values ranging from 87 to 95,
with corresponding values after irradiation of 81 to 100.

The metallographic examinations indicated that the microstructures
had remained single-phase during irradiation.
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. W. Bane and J. P. Faris -- Burnup analyses

. Carlander, W. A. Ahrens, and W. C. Kettman -- Metallography
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